• AIM: To reveal the role of miRNAs in retinopathy of prematurity (ROP) by bioinformatics analysis.
INTRODUCTION
R etinopathy of prematurity (ROP) is a potentially preventable neurovascular disorder, which is estimated to make 20 000 infants blind or severely visually impaired each year worldwide [1] . No matter the gestational age at birth, and no matter the ultimate severity of the retinopathy, the onset of ROP seems to start at approximately 32wk gestation [2] . With the maternal age growing, very premature infants gradually increased. Therefore, patients with ROP become common in clinical practice despite developed neonatal care technology and good management of oxygen inhalation. Although the assis tance of cryotherapy, laser photocoagulation and antivascular endothelial growth factors (VEGF) drugs has resulted in a remarkable reduction in mobility and improved prognosis, treatment of this dis ease has remained difficult. The key problem for pediatricians is the physiopathologic mechanism of ROP remains unclear yet. microRNAs (miRNAs) are small non-coding RNAs of 18-26 nucleotides in length that regulate gene expression through sequence-specific base pairing with target miRNAs. miRNA has been reported to be important in various biological processes including vascular angiogenesis, cell growth, embryonic development, cell proliferation, tissue differentiation and apoptosis [3] [4] [5] [6] . It is well documented that miRNAs could regulate vascular angiogenesis [7] . And the regulation of VEGF, IGF-2 and HIF-1α by miRNA-126 is associated with retinal vascular angiogenesis under conditions of oxygen-induced retinopathy (OIR) [8] , which suggested miRNA's possible role in ROP. By carefully reviewing the literature in databases (PubMed and Embase), there're only two miRNA profile papers reporting identification of differential miRNAs in ROP newborns. One of them is our previous report [9] , with the assistance of microarrays and subsequent reverse transcription-polymerase chain reaction (RT-PCR), we first revealed the involvement of miRNA in ROP by screening miRNAs expression in retinal tissue of mice. In another miRNA article, Zhao et al [10] described an initial use of deep sequencing to comprehensively profile miRNAs in the plasma of ROP rats induced by hyperoxia. Because miRNA sequence is well conservative among species, it gives us a good opportunity to look for common significant miRNAs by using these raw data. In the present study, we took advantage of previous data to analyze the miRNA expression profile between ROP group and control group. Besides, based on the miRNAs with differential expression, we predicted the relevant target genes, lncRNA and circRNA. In addition, we performed further functional enrichment analysis to analyze the functions of target genes. We aim to explore the involvement of miR NAs in the progression of ROP.
SUBJECTS AND METHODS

Data Source
The data in our study came from the study of Wang et al [9] and Zhao et al [10] . Wang et al [9] analyzed the miRNA profile data of retinal tissue between 40 C57BL/6 neonatal mice with ROP and 40 without ROP (controls) on postnatal day 17. Finally, 67 differentially expressed miRNAs were identified. Zhao et al [10] compared miRNAs in neonatal Sprague-Dawley rats. They found 66 differentially expressed plasma miRNAs by deep sequencing technology on postnatal day 14. Based on the above data, we perform a stricter screening standard which is the significant miRNAs are selected from the intersection of the above two articles (Wang et al [9] and Zhao et al [10] ). And fold change must fulfill greater than two in both studies. In addition, miRNA sequence must be well conservative between human and rodent. After screening, only 1 up-regulated and 1 down-regulated miRNAs passed the test, and were further selected into this study (Table 1) . Based on these findings, we try to identify the roles of miRNA in ROP. Target Gene Prediction The target genes of miRNAs were predicted by following seven published databases, including miRanda (http://microrna.sanger.ac.uk) [11] , Mir-Target2
(http://nar.oxfordjournals.org/cgi/content/abstract/34/5/1646) [12] , PicTar (http://pictar.bio.nyu.edu) [13] , Probability of Interaction by Target Accessibility (PITA; http://genie.weizmann. ac.il/pubs/mir07) [14] , TargetScan (http://targetscan.org) [15] , miRecords (http://miRecords.umn.edu/miRecords) [16] , Mirwalk (http://mirwalk.uni-hd.de/) [17] . The miRNA-gene pair would be reserved when it was predicted by no less than four of the databases above.
Functional Enrichment Analysis
The Database for Annotation, Visualization and Integrated Discovery (DAVID; http://david.niaid.nih.gov) [18] [19] database is used to identify the RNA-RNA and RNA-protein interaction networks systematically (miRNA-pseudogene, miRNAlncRNA, miRNA-mRNA, miRNA-circRNA and protein-RNA) from 108 CLIP-Seq (CLASH, PAR-CLIP, iCLIP, HITS-CLIP) generated datasets. ChIPBase (http://deepbase. sysu.edu.cn/chipbase/) [20] is a database for annotating and discovering transcriptional regulatory relationships of miRNAs and lncRNAs binding maps from ChIP-Seq data. All the interaction networks of miRNA-lncRNA in our study were downloaded from starBase v2.0 and ChIPBase. The subnetworks related to the differentially expressed miRNAs were further selected. miRNA-circRNA Regulatory Relationship Prediction In our study, all the interaction networks of miRNA-circRNA were analyzed and downloaded from starBase v2.0, and then, the sub-networks related to the differentially expressed miRNAs were selected at last.
RESULTS
Differentially Expressed miRNAs and Target Genes
Three differentially expressed miRNAs passed the preliminary screening (fold change >2 in both articles), including 1 upregulated and 2 down-regulated ones (Table 1) . However, the sequence of miRNA-377-3p is not conservative among species. So, only miRNA-9-5p (miRNA-9a-5p) and miRNA-128-3p were included into our further study. The target genes were reserved when it was predicted by not less than 4 of the databases above. Function Enrichment Analysis of hsa-miRNA-9-5p and hsa-miRNA-128-3p Target Genes The target genes of hsamiRNA-9-5p and hsa-miRNA-128-3p were performed GO enrichment analysis and the result was shown in Table 2 . The target genes of hsa-miRNA-9-5p were mainly enriched in negative regulation of transcription from RNA polymerase II promoter. And the target genes of hsa-miRNA-128-3p were mainly enriched in positive regulation of transcription, DNAtemplated. Pathway Enrichment Analysis of hsa-miRNA-9-5p and hsa-miRNA-128-3p Target Genes The signaling pathways enriched by the target genes of hsa-miRNA-9-5p and hsamiRNA-128-3p were shown in Table 3 . The target genes of hsa-miRNA-9-5p were enriched in Ras signaling pathway, cancer pathway, MAPK signaling pathway. And the tar get genes of hsa-miRNA-128-3p were mainly enriched in TGF-β signaling pathway and PI3K-Akt signaling pathway.
LncRNAs Targeted by hsa-miRNA-9-5p and hsa-miRNA-128-3p From the predicted lncRNAs of hsa-miRNA-9-5p and hsa-miRNA-128-3p, we found that some lncRNAs were regulated by both miRNAs, such as RP6-24A23.7. In addition, some common target genes regulated by both lncRNA and miRNA were found, such as IGF2BP1, QKI and TNRC6 in hsa-miRNA-9-5p; such as QKI, UPF1 and SFRS1 in hsamiRNA-128-3p (Table 4) . circRNAs Interaction with hsa-miRNA-9-5p and hsamiRNA-128-3p As for the predicted circRNAs of hsamiRNA-9-5p and hsa-miRNA-128-3p, we finally found 35 and 27 candidates from StarBase including ZNF280C_hsa_ circ_001211, SIAE_hsa_circ_002083 and etc (Table 5) .
DISCUSSION
ROP, which afflicts premature infants often, is characterized by abnormal retinal vasculature. Onset of ROP occurs when the neurosensory retina is quite immature. Its pathogenesis has not been very clear yet. But the effect of oxygen toxicity on the retina on the immature vasculature has been reported in two important stages: 1) vasoconstrictive stage: this occurs during exposure to hyperoxia and there is also suppression of the normal anterior ward vascularization of the retina. This mechanism of vasoconstrictive and obliterative effect of oxygen is often seen in the developing retinal vessels; 2) vasoproliferative stage: it involves dilatation and tortuosity of the existing larger vessels with neovascularization and proliferation of new vessels into the vitreous [21] . Consequently, the irreversible vascularization is the core mechanism of ROP. In the past several years, few reports have shown that miRNA expression is associated with ocular physiologic and pathological processes and displays tissue-and spatiotemporalspecific expression [22] [23] . By our further analysis, miRNA-128-3p and miRNA-9-5p are the only up and down regulated miRNAs in ROP among reported profile studies [9] [10] . As for miRNA-128-3p, which received less investigation, was generally reported in hepatocellular carcinoma [24] and also involved in ischemia-induced brain injury [25] . About its related lncRNA, POLDIP2 is a molecule that has been shown to be involved in cell migration of vascular cells and angiogenesis [26] . It's also involved in a variety of processes of organ fibrosis lesions [27] . Another lncRNA-GAS5 seems play an important role in angiogenesis and migration, in colorectal cancer it acts as tumor suppressor by inhibiting IL-10 and VEGF expression [28] . Mechanistically, GAS5 regulated endothelial cells and vascular smooth muscle cells function through β-catenin signaling [29] . So, though obvious evidences are missing, it also suggested the possible roles of miRNA-128-3p and its lncRNA in the aspect of angiogenesis in ROP. It's worthy noting that PI3K-Akt signaling pathway and TGF-β signaling pathway passed enrichment analysis of hsamiRNA-128-3p. Di et al [30] found CCN1/Cyr61-PI3K/AKT signaling promotes retinal neovascularization in oxygeninduced retinopathy. TGF-β signaling is also essential for the differentiation of retinal pericytes during vascular development of the retina. Kimsa et al [31] once found treatment of proliferative vitreoretinopathy is associated with processes regulated by TGF-β, such as inflammation, proliferation, epithelial-mesenchymal transition, and fibrosis. The sequence of miRNA-9-5p is conserved among species and less reported in the previous references. Inspite of the abundant expression of the brain-specific miRNA (miRNA-9-5p/3p) in both proliferating and postmitotic neurons, most functional studies have focused on their role in neuronal development. Sim et al [32] found miRNA-9-5p has an important role in hippocampal synaptic plasticity and memory. In addition, miRNA-9-5p dysregulation is a hallmark of many neurodegenerative disorders, including those involving the retina. It has been described differentially expressed in the RHO-P347S mouse retina, a model for a common form of inherited blindness [33] . As for the lncRNA of miRNA-9-5p, NEFL and UHRF1 have been studied the most widely. Kim et al [34] found that mRNA levels of previously described ganglion cell markers, e.g. NEFL was highly enriched in the isolated retinal ganglion cell layer. Liu et al [35] found NEFL is correlated with human corneal fibroblasts in ocular inflammatory diseases. These data provide the first evidence that NEFL and UHRF1 function are required for retina development and perfection. Enrichment analysis of miRNA-9-5p was mainly located in MAPK signaling pathway. For MAPK signaling pathway, the reactive oxygen speciesdependent phosphorylation of EGFR/MAPK is an important signaling pathway for Auranofin-induced inhibition of retinal pigment epithelium cell survival, and may have the potential for treatment of abnormal survival of retinal pigment epithelia cells in proliferative vitreoretinopathy [36] . In conclusion, our data provided a bioinformatics analysis of differentially expressed miRNAs which are involved in ROP. hsa-miRNA-128-3p and hsa-miRNA-9-5p showed significantly differential expression between ROP group and control group. LncRNA of POLDIP2, GAS5, NEFL and UHRF1, circRNA of ZNF280C_hsa_circ_001211 and SIAE_ hsa_circ_002083, tar get gene of QKI and enrichment analysis of TGF-β signaling pathway, PI3K-Akt signaling pathway and MAPK signaling pathway may play important roles in the prog ress of ROP. Here, we want to remind readers to pay attention to the physiological and pathological differences between animal model and human. Therefore, further genetic and experimental studies with larger sample size are still needed to confirm these results.
